The use of sequential staining for detection of heterogeneous intracellular response of individual Jurkat cells to lysophosphatidylcholine.
Living cells are known to exhibit great morphological, functional, spatial and temporal heterogeneity. Hence, the study of cells in a bulk, whether this bulk is homogenous or heterogeneous, does not provide sufficiently detailed or interpretable results. An advantageous approach would rather be a comprehensive study of cell biological activity in single isolated living cells. In this study, we present an imaging approach for studying pre-apoptotic and very early apoptotic events, during cell death induced by lysophosphatidylcholine (LPC) at the single cell level. The aim of this study is to investigate intracellular events, such as the mitochondrial membrane potential (MMP) and reactive oxygen species (ROS) formation, before and immediately after LPC introduction to the lymphocytes at the level of individual cells. A new protocol of sequential staining was developed to study the relation between early apoptosis signs (PS externalization), MMP changes and intracellular ROS production rates at an individual Jurkat cell resolution. Simultaneous kinetic assessments of MMP, intracellular ROS levels and phosphatidylserine (PS) externalization were performed at a single cell resolution, using Optical LiveCell™ Array technology and image analysis. The parameters were measured and analyzed both before and during exposure to inducers in a Jurkat cell population, including three groups of single cells: spontaneous apoptotic cells, induced apoptotic cells and fully functional living cells. Exogenous LPC caused a heterogeneous intracellular response among Jurkat cells immediately after its introduction. Subgroups of cells with opposite changes of MMP and different kinetics of ROS increase, were revealed within the whole cell population. The subset of apoptosis-induced Jurkat cells, which became apoptotic within 3h after the LPC introduction, exhibited higher initial MMP compared to fully functional or spontaneous apoptotic cells. LPC-induced apoptosis was accompanied by a concomitant increase in intracellular ROS levels. In the present study, a method is described to assess the intracellular events in cells which were initially different in their physiological status. The individual T lymphocytes (Jurkat cells) in vitro have various susceptibilities to LPC effects at the very early stage of contact with the inducer. The apoptotic effect of LPC in individual Jurkat cells is associated with a relatively higher initial MMP before the introduction of the inducer and with a faster ROS formation within the affected cells. Such divergence may be significant in regulating the balance of lymphocyte subsets in pathological sites, either maintaining or preventing the inflammation components of atherosclerosis. We conclude that the presented approach provides the researcher, not only with the cell retaining methodology, but with opportunities to observe and find the distinctive cell subsets within the whole cell population as well, thus helping to define more exactly the role and importance of such sub-populations in physiological or pathological conditions.